Abstract: To understand the cellular biology and biochemistry of plant cell behavior, there is not only one approach for studying proteins which are directly responsible for cellular activity. However, despite the enormous quantity of information generated by transcriptome analysis, the picture is still incomplete. The proteomic and interactomic approaches present a new point of view that so far has been missing. Comparative proteomics provide a powerful means to study products of genes and their regulation. On the other side, interactomes of different species can provide information about the evolutionary mechanisms leading to organism diversity. Then, this analysis allows scientists to better understand how complex biological processes are regulated and evolved.
Introduction
In the recent period of time, the major effort has been concentrated on microarray studies of mRNA expression and DNA sequencers of next generation, which can allow a global analysis of the mRNA complement (via cDNA) of any cell in the organism. On the other hand, it is well-known that gene expression is not regulated only on one level. Some kind of heritable traits and characteristics are not encoded in the sequences of DNA, but in other macromolecules (proteins, RNA molecules, etc.) . The quantity of mRNA and its changes are not always shown at the corresponding protein level. A rapid change in the behavior of cells often rely on pre-existing proteins, which alter their sub-cellular localization by post-translational modifi cations and/or undergoing directed degradation. The other biologically relevant level includes genes encoding differently spliced mRNAs that can give rise to more than one protein (Quirino et al. 2010) . This is evidence that many biological questions can be addressed at the level of protein, because several levels of gene expression regulation-epigenetic DNA modifi cations and amount of small non-coding RNAs are currently uncovered. For that reason, technologies for studying cell proteins are a welcome complement. The fast developments in the 'omics' area and the combination of different 'omics' tools offer great potential for post-genomic era to elucidate the genotype-phenotype relationships for both fundamental and applied research (Wienkoop et al. 2010) . In addition, proteomic data are beginning to be validated using complementary -omics or classical biochemical or cell biology techniques, and appropriate experimental designs and statistical analyses are being carried out in accordance with the required standards of Minimal Information about a Proteomic Experiment (MIAPE). As a result, the coverage of the plant cell proteome and plant biology knowledge is increasing, but is still far from being minimally covered and validated (Jorrín-Novo et al. 2009 ). Grapevine, like a long time cultivated and very important plant with high utility (juice, wine, liquors, source of antioxidants) was an object of many studies, but deeper knowledge of the changes in protein, which are responsible for majority of biological processes that affect not only fruit development but also general metabolism including defense responses is still missing (Giribaldi et al. 2010) . From this point of view, many efforts have been devoted to discover and understand a protein synthesis in grapevine.
Plant proteomics
The "proteome" is derived from proteins expressed by a genome, cell, tissue or organism and it refers to all the proteins produced by an organism, much like the genome is the entire set of genes (Abhilash 2009). Proteomics profi ling and imagining represent the universal study of the global protein content of a cell (proteome). This view presents new technical challenges due to their bigger structural complexity in comparison to that of nucleic acids. Technological progress in this approach can allow for a new perspective toward understanding how a cell works in general (Quirino et al. 2010) . Proteom-ics, the comprehensive and quantitative analysis of proteome presents unique insights into biological systems that cannot be provided by genomic or transcriptomic approaches (Remmerie et al. 2011) (Fig. 1) .
this information about proteins and metabolites involved in developmental control and environmental responses providing a great assistance in further research (Wienkoop et al. 2010) .
Proteome profi ling of grapevine
Differential expression profi ling is one of the key technologies of the genomic century. The implementation of techniques for global analysis and comparison of whole genomes and/or proteomes, from disease and normal tissues, was an enormous step toward understanding of biological processes in general and disease/stress biology in particular. However, in order to get an insight to complex biological processes, genome analysis had to be complemented by technologies for comprehensive proteome analysis. An experiment typical for proteomic study starts with cell protein extraction, even though such studies can be particularly challenging. Problem is that plant cells are rich not only in cell wall polysaccharides and polyphenols, but also in number of proteases that can degrade studied samples. Subsequently it is possible, that ascendancy of certain proteins can complicate the study of other, less abundant proteins. Next step is phase of separation, in which gel-free, in addition to 2-DE based platforms, and second-generation quantitative proteomic techniques-microarray are used (Patton et al. 2002 , Quirino et al. 2010 . While gel proteomics have been applied to a large number of post-translational modifi cations and expression proteomics studies, the technique still limits the range of proteins that can be analyzed. Approaches used for precise large-scale quantifi cation and widespread identifi cation are high throughput Developmental proteomics can be defi ned as a set of proteins present at particular developmental stage of a plant. It involves a cell type, organ or tissue, and individual organelles in a cell and their proteomic analyses can tell us what kinds of proteins are expressed during plant growth and development. Proteomics is an essential part of plant proteome investigation, and that forms a base for extended proteomic studies, such as those involving protein changes due to unfavorable conditions for plant (Agrawal et al. 2005) . Consequently, large sets of integrative data have been acquired and currently shotgun proteomics, mass spectrometry and ionization methods (Wright et al. 1999) (Fig. 2) In the beginning of Vitis proteome study, attention was focused mostly on physiological and biochemical processes like defense responses (Repka 2006) , development of ripening (Deytieux et al. 2007 , Giribaldi et al 2007 , Zhang et al. 2008 , Sharathchandra et al. 2011 , somatic embryogenesis (Marsoni et al. 2008) , varietal differentiation (Pesavento et al. 2008 ) and bud development (Parrotta et al. 2010) , where uses of different profi ling methods were shown not only protein composition, but also their function was detected.
Results from studies dealing with the biochemical and physiological processes that drive grape development showed, that spots detected by 2D, SDS, PAGE gels and analyzed by MALDI-TOF/LC-MS-MS, represented proteins grouped into eight functional categories, mainly involved in transport, metabolism, stress-induction, signal transduction, and protein synthesis (Table 1) .
Abiotic stress/elicitors
In last few years, researchers have focused their attention mainly on phytopathology. This important approach of understanding particular response to infection includes observing biomolecules/ proteins made up by the response accumulate to concentrations that are biologically relevant to defense. To date, the most effort has been focused on the induction of grapevine resistance by increase of PR proteins number, including chitinase and β-1,3-glucanases (Wang et al. 2009 ). This effort is targeted on treatment with a wide scale of abiotic (Jellouli et al. 2008 Martinez-Esteso et al. 2009 and biotic elicitors (Yang et al. 2011 , Milli et al. 2012 , Yao et al. 2012 . One of the fi rst studies, published in 2005, on grape adaptability to abiotic stress was study of time course response to herbicide treatment on in vitro cultivated shoots, roots and leaves using proteome techniques. The results indicated that Rubisco, plant leaves protein, is subjected to fragmentation after treatment, and antioxidant proteins are induced, such as those belonging to photorespiration. The carbon fl ux is altered, and plant defenses are stimulated, as revealed by the increase in the pathogenesis related protein 10 (PR10) isoforms (Castro et al. 2005) . Another article about abiotic stress has reported about the salt stress-responsive proteins (SRP) in grapevine. This study shows that salt spreads systemically. Evidence is a presence of SRP in the different plant organs. Short-term salt treatments of roots and leaves also revealed a presence of these proteins with 98 % similarity to PR10 protein (Jellouli et al. 2008 (Jellouli et al. , 2010 . PR10 protein has been already observed previously to be expressed in mature berry skin and increased in abundance during the later stages of ripening and is thought to play a role in berries protection .
In order to obtain information on protein expression changes in grape berry tissues, the response to well-watered and water-defi cit stress conditions was performed by a comparative proteome analysis. Water-defi cit stress led to tissue-specifi c changes in protein expression. The skin showed increased abundance of proteasome, reactive oxygen detoxifi cation enzymes, and selected enzymes involved in fl avonoid biosynthesis (polyphenol oxidase), whereas pulp tissues showed increased in glutamate decarboxylase, PR proteins, and methionine synthase (Grimplet et al. 2009 ). More recently, analysis of changes in the expression of 67 grape skin proteins were monitored from maturation to fully ripe berries of V. vinifera showing that many proteins with abiotic stress responses were developmentally regulated ). Induction of defense mechanisms occurs not only after affecting plant cells by abiotic factor (wetness, drought, salinity, etc.), but also by a plethora of (a) biotic molecules -elicitors. This observation was moved further by using proteomic-based strategies. The effect of chitosan-elicitor on grapevine proteome was studied by Ferri et al. 2009 . Analysis of grapevine cell suspension showed that the amount of 73 proteins consistently changed after chitosan treatment and synthesis of stilbene synthase proteins and accumulation of trans-resveratrol (tR) was recorded. It was also signifi cant increase of the expression of the pathogen-related protein-10 family recorded. The elicitation effect had been studied also after affecting grapevine cell suspension by methylated cyclodextrins (MBCD) and methyl jasmonate (MeJA) (Martinez-Esteso et al. 2009 This protocol combine with 2D immunoblots validated presence of β-1,3-glucanase in higher abundance in berry skins than in pulps, and in red berries than in white berries. Therefore, β-1,3-glucanase displays a tissue-specifi c expression (Wang et al. 2009 ). On the other hand, study confi rms, that preferential accumulation of β-1,3-glucanase in skins may be relevant to berry ripening. The control of ripening of grapevine fruit is still a matter of debate, but several lines of evidence point to an important role for the hormone abscisic acid (ABA). The ABA is a well-known stress hormone and its biosynthesis, signaling, and molecular effects are triggered under water-, salt-, and cold-stress. The effect of ABA treatment was studied using 2DE proteomic approach. Results showed that ABA affected ripening-related proteins (GIN 1 , VvLAR2, VvAN), stress-related proteins (peroxidase, chitinase, lipoxygenase), signal transduction and caused general rearrangement of metabolism (Giribaldi et al. 2010 ). Investigation of plant tumorigenesis is a way to clarify the mechanisms of systemic control of plant cell division and differentiation (Dodueva et al. 2007 ). One of the most known tumor formation is caused by Agrobacterium sp. Agrobacterium tumefaciens-mediated transformation is necessary for gene function studies of grapevine. The general proteomic profi le to response of grapevine to A. tumefaciens-mediated transformation was examined by 2D electrophoresis and MALDI-TOF-MS analysis after co-cultivation of grapevine embryogenic callus (EC) with A. tumefaciens (Zhang et al. 2009 , Zhao et al. 2011 . Analysis of over 1100 protein spots identifi ed the proteins signifi cantly up-regulated 3 d after inoculation-PR10 protein, resistance protein Pto, secretory peroxidase, cinnamoyl-CoA reductase and different expression regulators; down-regulated proteins were ascorbate peroxidase, tocopherol cyclase, Hsp 70 and proteins involved in the ubiquitin associated protein-degradation pathway (Zhang et al. 2009 , Zhao et al. 2011 . Results revealed that agrobacterial transformation signifi cantly inhibits the reactive oxygen species ROS-removal system of cells, energy metabolism of mitochondria and the protein-degradation machinery for misfolded proteins. On the other hand, the apoptosis signaling pathway and hypersensitive response are strengthened, which might partially clarify the low effi ciency and severe EC necrosis in grape transformation (Zhao et al. 2011) .
Biotic elicitors
The fi rst in vivo study was published in 2010 by Basha, who demonstrated effect of Pierce's disease (caused by bacterium Xylella fastidiosa) on PD-tolerant and PD-susceptible Vitis. Result was composition of protein profi le induced by this biotic infection. LC-MS/MS spectrometry analysis of these proteins revealed their similarity to β-1,3-glucanase, peroxidase, and a subunit of oxygen-evolving enhancer protein 1, which are known to play role in defense and oxygen generation (Basha et al. 2010) . Five V. vinifera proteins and fi ve homologous proteins were identifi ed by their differential expression at different developmental stages of tissue in these infected genotypes. A thaumatin-like protein and the PR10 from both genotypes were found to be up-regulated in response to Xf-infection (Yang et al. 2011 ).
The most widespread and also most tested are also viruses (GLRaV-1), (GVA) and Rupestris stem pitting associated virus (RSPaV). The fi rst study about investigation on agronomic performance, fruit texture and composition, proteomics changes occurring in berries of virus-infected grapes grown in fi eld conditions was reported by Giribaldi. The proteomic analysis of skin and pulp visualized about 400 spots. Virus infection mainly infl uenced proteins involved in metabolism of cell structure in the pulp, and proteins participated in response to oxidative stress in the berry skin. These results showed that infection increases a pulp degradation of cell wall and that it actually causes modifi cations in the skin structure (Giribaldi et al. 2011) . Not only viruses and bacteria but also other pathogens like fungi and phytoplasmas affect grape quality and productivity. 'Flavescence dorée' is a serious phytoplasma disease affecting grapevine in several European countries. Monitoring of infected protein expression profi le of more tolerant "Nebiollo" has showed expression of stress-related proteins (43 %), changes in metabolism (21 %), protein fate (18 %), energy (9 %), cellular transport (6 %) and protein synthesis (3 %) (Margaria and Palmano 2011) . Plant-fungi interactions were analyzed on grapevine leaves 24, 48 and 96 h post infection with the downy mildew pathogen Plasmopara viticola. MS analyses identifi ed 82 unique grapevine proteins differentially expressed after infection. Functional categories of general metabolism and stress re-sponse often included upregulated proteins, while downregulation is associated with proteins assigned to photosynthesis and energy production. Plant resistance was mostly associated with isoforms of different PR-10 proteins. A defense response in this view suggests a temporary breakdown accompanying the inception of disease. It was confi rmed by gene expression analyses and by a western blot analysis of a PR-10 protein (Milli et al. 2012) . Another view on this disease was about increase of grapevine resistance caused by Manganase. It was found that high leaf Mn concentrations (<2500 μg g -1 ) induced grapevine resistance to powdery mildew. Manganese is able to delay a pathogen spreading after powdery mildew (PM) inoculation, but in long-term basis it did not directly inhibit pathogen development. A high Mn concentration in grapevine caused small oxidative stress, but on the other hand it was deeply enhanced by PM stress. High leaf Mn concentration, as well as PM stress, signifi cantly enhanced a concentration of salicylic acid (SA) and increased the expression of proteins involved in synthesis of ethylene and jasmonic acid (JA) -defense mediated signals. The excess of manganese also enhanced a proteins related to pathogen resistance, including a PR-like protein together with an NBS-LRR encoding resistance gene analogue, and a JOSL protein.
The fi nding confi rmed that high leaf Mn concentration in grapevine is able to trigger protective mechanisms against pathogens (Yao et al. 2012) . Changes in plant metabolism, leading to production of auxin and cell-division factors, suggest that habituation is due to the heritable expression of genes normally inactive in cultured cells. Habituation, relative to auxin, has been found to occur in a large number of plant species including sunfl ower (Henderson 1954) , tobacco (Buiatti and Bennici 1970) , maize (Hawes et al. 1985) and grapevine (Morel 1927) . Grapevine calli planted on cytokinin (BAP) dependent medium induce this cellular change as well (Repka and Baumgartnerová 2008) . For the fi rst time, proteome profi ling examines the molecular mechanisms of grapevine habituation (Repka and Baumgartnerová 2008) . Proteome profi les of non-habituated and/or cytokinin and auxin habituated grapevine cell cultures was also examined. Non-habituated and habituated cell cultures 2-D maps showed existence of 55 protein spots displaying a differential expression pattern. There was confi rmed a different protein pattern of these types of cultures and different expression level of individual proteins generated as the habituation process progressed. These results indicate profound metabolic transformation of these types of cells. Habituation for these growth factors in plant culture provides an experimental system ideally suited for studying how the production of these factors affects metabolic pathways in cell organization (Repka and Baumgartnerová 2008; Čarná et al. 2011) .
Interactomics
Systems biology specifi cally combines the molecular components (transcripts, proteins, and metabolites) of an organism and incorporate them into functional networks or models designed to explain its molecular connections and dynamic activities. While many of the functions of individual parts are unknown or not well defi ned, their biological role can sometimes be inferred through association with other known parts, providing a better understanding of the biological system as a whole. On a systemwide scale the explanation requires three levels of information: -structural annotation (identifi cation of the components) and functional annotation (characterization of components identity); -identifi cation of interacting molecules; -characterization of the transcripts, proteins, and metabolites behavior under various conditions (Albert 2007 , Grimplet et al. 2009 , Richards et al. 2010 ). Consequently, term 'interactomics' describes the discipline, which studies how molecules are functionally linked in living organisms, and the consequences of their interactivity. The slightly different meanings of word 'interactome' can be found in the literature. Interactome is generally defi ned as the whole set of molecular interactions in cells. Molecular forces and interactions can occur not only between molecules belonging to different biochemical families (proteins, nucleic acids, lipids, etc.) , but also within a given family. Connection of these molecules by physical interactions creates large biomolecular interaction networks, which are classifi ed by the nature of the compounds involved. On the other hand, most commonly is interactome an abstraction describing an incomplete set of protein complexes that might possibly form under a variety of conditions if the relevant protein partners have been expressed in any given cell type and located in compatible cell compartments (Gavin et al. 2006 , Krogan et al. 2006 . Over the course of a few years, the fi eld of interactomics has moved from the fi rst high-throughput studies, through the tentative assembly of model organism sub-interactomes, to whole interactome assemblies and, most recently, cross-species comparisons of full interactomes. Within the past couple of years, applications have started emerging, such as functional indexing of organelles, identifying new disease genes, unraveling signaling pathways and evolutionary analysis. Comparative interactomics denotes the process of comparing also interactions that occur in different cell conditions owing to environmental or genetic changes (Hinsby et al. 2006 ). However, as was pointed out by von Mering et al. (2007) there is still a large gap between our knowledge on proteomes and our knowledge on interactomes, with the latter lagging far behind the former. To answer a question about fundamental plant development much experimental work should be done, along with development of bioinformatics techniques and compartment-specifi c interactomics (Sharan and Ideker 2006) .
Grapevine interactome
The fi rst plant to have its genome fully sequenced was the weed Arabidopsis thaliana L., and this was accomplished in 2000 (Initiative 2000) . In addition to that of A. thaliana, among the fi rst plant genomes fully sequenced were three others: rice (Project 2005), poplar (Tuskan et al. 2006 ) and grape (Jaillon et al. 2007) . Of the four fully sequenced plant genomes, the grape genome (cv-Pinot Noir) was the last to become available through the efforts of two separate groups (Velasco et al. 2007 , Doddapaneni et al. 2008 . Based on the protein domain interaction analysis fundamental differences among eukaryotic interactomes were found (Repka and Baumgartnerová 2008) . It was confi rmed that all predicted protein family interactomes (the full set of protein family interactions within a proteome) of grapevine and other 5 species (yeast, Drosophila, worm, Arabidopsis and human, Fig. 4 ) are scale-free networks, they share a small core network comprising 16 protein families related to essential cellular functions involved predominantly in pathogenesis, apoptosis and plant tumorigenesis, as well. There is molecular evidence suggesting that grapevine cells were originated from heritable alternations in the pattern of gene expression (Fig. 5, Repka and Baumgartnerová 2008) . There is expectation that a variety of interesting questions will be answered by comparing interac- tomes and for this reason is interactomic currently one of the fastest developing fi elds in molecular biology (Kiemer and Cesareni 2007) .
Conclusion
The application of such knowledge throughout the world should lead to grape improvement and subsequently to improve viticultural practices and defi ne a molecular breeding. Approaches such as proteomics and interactomics will facilitate understanding of processes of V. vinifera cultivars, with the goal of improving agronomic yield while preserving traditional grapevine qualities. 
